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Introduction 


Many technology development experiments have been proposed that will be 
conducted while attached to the Space Station. The Space Station experiments 
are described in the NASA Mission Requirements Data Base (MRDB) and the 
technology development mission experiments are contained in the TDMX section. 

In February of 1986, the Associate Administrator for Aeronautics and Space 
Technology (OAST) identified a group of initial operating capabilities (IOC) 
model technology experiments to the Acting Associate Administrator for Space 
Station (OSS). The purpose was to allow their requirements to be factored 
into the IOC Space Station Design. 

A study to Identify the Space Station accommodation requirements for these IOC 
model technology experiments was conducted. The initial activity involved 
updating the TDMX model experiments with each principle investigator (PI). 
After numerous contacts and visits with the Pi's, a detailed technical under- 
standing and a well defined experiment support equipment list was generated 
which included for the first time a definition of the experiment instrumen- 
tation and data requirements. The understanding and definition of these 
requirements resulted in the following: 

o Identification of support equipment/hardware (e.g., command/control, 
health status, housekeeping, etc.) requirements for each of the IOC 
experiments. 

o Identification of a minimal set of common support equipment/hardware to 
accommodate IOC experiments. 

o Preliminary definition of the pressurized laboratory interface require- 
ments (e.g., rack space, data and storage, storage, etc.) for the IOC 
expeiments. 

Based on the results of this study, a strong case can be made for a dedicated 
technology experiment command and control work station consisting of a command 
keyboard, cathode ray tube, data storage, television monitor, computer/- 
processor and an alert/annunciator panel located in the pressurized 
1 aboratory . 
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SPECIFIC STUDY TASKS 
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Specific Study Tasks 
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For compatible IOC experiments, determination of the common experiment 
hardware that could be utilized to satisfy multiple experiment objectives 
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TASK METHODOLOGY 
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CREW SUPPORT STATION EQUIPMENT 
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TDMX OPERATIONAL SCHEDULE 
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TDMX Operational Schedule 
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Years After Man Tended Capability 
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IVA Operational Requirements 
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Years After Man Tended Operation 



TDMX POWER REQUIREMENTS 
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Space Station Facilities/Services (Continued) 
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SAMPLING RATE 10/SEC 


ADVANCED ADAPTIVE CONTROL EXPERIMENT CONCEPT 
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TDMX 2411 

ADVANCED ADAPTIVE CONTROL EXPERIMENT CONCEPT 
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in the mission computers employed for this experiment. Because 

algorithm size and compexity may be considerable, usage of the Space Station 

computer, for certain experiments, may be necessary. 



TDMX 2411 

(AAC) EQUIPMENT LIST 
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Added to TDMX 2071 eauipment for TDMX 2411 


TDMX 2411 (A AC> INSTRUMENTATION LIST 


co 

h. 

o 

a 

E 


TJ 

C 

(0 ^ 

<o r; 

o ^ 
S.CM 

~ X 

*2 


o o 

g-o 
.5 a> 

CO (0 

= E 


.2 « 
£ ® 
c 


o> 


if "Si 

T3 C (fl n 5 


_ C CO o ■" ■— 

C O S ® 1 ss >. ® 

C C = <0 


~ E 


CO 


0) 


X 

CD 


= £ = = 


O 

S c 3 ® *= 

Q. O ° ® 


1*5 ® “■ ■S o’cL« 

- c 2 ®5 <5 2 g 

= |^<0£g - CO 

**-2 ’5 ^. > co <« co 

o8 d ) </) --=®*0 

0 ) U ® O wra g O) S 
-S o £ co CL *- .2 n ts 
SS"t<=s 2 S 


CO 

** 

0) 

O) 

i_ 

CO 

«4— 

0 

^ o 

£3 * - 

s ° 

3 .2 

2 *= 

1 I 


Q. 

O 


CO Q-— 3 tt CD 

S”o ® »o) « u o c 

3 s« w” 8 -gs s 



S o S COST, o O < 0.2 



> |S;c = 5 2 . 2 ° 


J= c 

CO Q) 

in t 
#2 3 
c o 
0) 

CO (0 

<D — 

Q-co 

® 5 

o> 

« o) 

Q.C 

0>*<2 
.E g 

8" 
— c 
o o 

MM 

+- CO 
+■* 
c c 
O 0 ) 

e i 

CO E 
£ ** 
O CO 

c 

0) “ 

H o 


O ® 


<0 <0 


S o 


o 

CO 

e 


« a £ g ® 


o 1- CD 

(0 <0 • O 

• o ® ® C 

Q O) CO 


•— O O — 

©trt: 

Q.Q) W O w - - — — 

g u >«5 9 -<o ^ | 
® CD 7 b co E 2 ® 

|^ 2 ®llS 0 o® 

;oo^o£i- 

o z ® « 

5 co ® ® 

co _ 

'5 5 S • ® c 

c * < 2 N — CD 

£-oi_I ® 

®o|S5>2w ° 'i 
_E>. 2 Xo>o*- 

CL -9 C (0 £ ® 3 E o 

o « raw ®£ e 

C ■— Q.^- co CO c 

•o o w *r to *- a> O) 


2 E 


a> 



44 



TDMX 2411 (AAC) INSTRUMENTATION LIST 
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SAMPLING RATE = 10/SEC 



TDMX 2412 

DISTRIBUTED CONTROL EXPERIMENT CONCEPT 
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TDMX 2412 

DISTRIBUTED CONTROL EXPERIMENT CONCEPT 
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TDMX 2412 DCE EQUIPMENT LIST 
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(TDMX 2412 uses the same equipment as TDMX 2411) 


TDMX 2412 (DCE) INSTRUMENTATION LIST 
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TDMX 2412 (DCE) INSTRUMENTATION LIST 
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SAMPLING RATE = 10/SEC 


DYNAMIC DISTURBANCE EXPERIMENT CONCEPT 
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DYNAMIC DISTURBANCE EXPERIMENT CONCEPT 



53 
















TDMX 2413 DDE EQUIPMENT LIST 



8 « <? 

« CN | 2 ® CO 

■D « x “ i £ .E 

o)XJS ® >,® §5> 

-=2 £ ?Soo 

3O f- i-.2 t0 >< 

Br *“ e • ® ® ® 



■a ~ o" 2 o % o) 
fl ocS£^»c 



ql£ >£ &>> 
„ o 2 E 75 ® (o ^ 

*2 J5 •«- ^ o 3 — E 
!T m _ A) ^ n 


^jc0~®O«.£ 

” a®£ « S n 

v c/> ^ r m 

so^S < "Si 
u- 2 H- 5= 2 H » 

O 2 © ** O 

s«- 8 8 = s = 

i I ? a i 8 o'* 
3 £ w «€B OJS 

® so-s- 0 „ = 

“ .— — © ® 

o . 5 ■o © S-2 

^ ® O Q. 


® 


0)5 


II) 


co 


® 


(0 

SicO'-S^-A 

® nS C 5,7 O 

~ ° O 3-g °-C 

° c 
o 


C O 2 -• -a Q 

« E r- ® ® •= 

s"enl;_5« 

fc-^^0«2^®S 

O ® (/) (I) O f 

"" *o « — ® c 2 •= 

® 8 _ g ~ 3 S’® 

3^0 ir - w *o 


o 

o 

c 

o 


V) — 



* ® 

•o 2 »- 

0 2" ® 

1 E 3 
O Q. 

2 ° E 
(0 c o 
500 

^ co C 
0 ® 5 

® g.2 

CO ® 
c ® 0) 

*“ ** ® 
■O C o 

<D •— <0 

® ® 5- 

3 S)W 
® 


CO 


f 8« 
i tt s 

> <D 

L. Q) 

il§s 

= 13 jig 

^ «H ,ZZ 

O 50 '3 *- 

f O ® 8. 
« £ a. x 

eg E • 

5885 

CO 0) _ ~ 

o > To o 

?i s i 

n -o a 
~ *o c c 
g c co £ 
.2 «o ca 
m _ ® ts 
« o .2 © 

® £ CO o 
Q. C c i_ 

g-8ls 

® -o "Z 
8 1 §>8 
ii»8 

X) i: m- o 

5.2 0 S 
.2“° S ® 

=5 ® 3 n 

_ CO . 

® £ ° 2r 

h 3tD E 


54 

i 

I 




_ >» 

O CO 

~ -O 

ill 
£ §.2 
E|tS 
E §■« 

« *| 

c >»° 

*” S .c 

If s % 

w Q. o 

_ (O O a 
,2 r"> 4> 

<0 *- 1- a 

CO O *“ 

1 l3l 

■O O 5 Z 

® P c 
C CL O 3 

O CO - £ 

£ 2 

Q T- 2 

o 

CO 

QC A * 


£? 

8“ 

CL 0) 

<o ir 
o o 

CO 

{28 

0 5 W 

|*f 

£3° 

0) ^*= 

■* 5 

a- 2 

c o> E 
o-o- 

« I. u 

tt oo 
w o**- 

2 -S* 

1 2 0.2 

3 CO .2 CO 

2E QqO 


• • 


c o* 
w o 


>.C 

O) « 
Q> O 

M 0 ) 
CO 0 

DC 2 


| E2 

g o C 

go® 
■°-Q E 
r o>E 


o 

CO 

c CO 

s& 


w b 
■O ® 

§ £ 


2 S O C ~ (0 
(0c£O!! CO 
DC 2 (/>_J JE -j 


0 0) 
(0 o 

co 2 S. 

8 C 

E <o o>‘ 

1 CO 3+S 

§ §>« 3 

O Jr CO o 

5.S-I 

g = SE 

2® ■ o 

oi:2 o 

<(/)0CCQi 


* 


55 


Added to TDMX 2411/2412 equipment for TDMX 2413 


TDMX 2413 (DDE) INSTRUMENTATION LIST 
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SAMPLING RATE = 10/SEC 


TDMX 2441 

MICROELECTRONICS DATA SYSTEM EXPERIMENT CONCEPT 
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externally deployed. The mission will consist of a 5-10 year 
program, with annual recovery of exposed/tested modules 
and installation of new modules. The Space Station will 
provide means for necessary long-term exposure to the 
environment (including low-dose-rate effects). 
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TDMX 2441 (MDSE) EQUIPMENT LIST 
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TDMX 2441 (MDSE) EQUIPMENT LIST 



61 


TDMX 2441 (MDSE) INSTRUMENTATION LIST 
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Internal equipment includes a computer for real-time data storage and analysis, 
closed circuit television (CCTV) for visual contact and a teleoperated work station 
for perception and manipulation activities, cathode ray tubes (CRTs) and displays 
for observing the signals and data transmitted from the servicer and model satellite 
sensors. 
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MUX/DMUX units 

Processor (650 MBIT data storage) (SBC 286/12) 
Digital interface unit 
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VIDEO 688,000 SAMPLES/SEC (32 BIT SAMPLES) 
OTHER 2500 SAMPLES/SEC 
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demonstrating routine teleoperation procedures. 
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Work station support computer 

• D/A and A/D converters (SBX 328/SBX 311) 

• MUX/DMUX units 

• Processing (650 MBIT data storage capacity) - (SBC 286/12) 

• Digital interface unit 
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VIDEO 688,000 SAMPLES/SEC (32 BIT SAMPLES) 
OTHER 2500 SAMPLES/SEC 
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TDMX 2011. SPACECRAFT MATERIALS AND COATINGS 
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Width: 1m 
Length: 5m 
Depth: 0.2m 





EXAMPLE EXPERIMENT TRAY 
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Example Experiment Tray 
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Dimensions of Trays (after LDEF): Width - 34" (86.36 cm) 

Length - 50" (127 cm) 

Depth - 6" (15.24 cm) 

(Weight - ~ 80 lbs typically) 




EXPERIMENT CONTROL AND DATA SYSTEM BLOCK DIAGRAM 


*0 0) 

C -o ^ 

<D CO t -C ki 

5 ^ 5 ° c £ | 

5 w 3 > "o g. 

5 t) 2 -g £ g. <• - j. 

O d) O'Qmj 0)0 o 
(/>■£— 5 c cp-= 

-1 CO XI > *= — = .C 


i X « =» 2 g • -E I 

E <o c £^-= .2 « o 
2 w m « rr 


cf E = 2 28“25 
I " 2Sg = 2 ®~- 

E >> o) Q Q* c § ® 
§j <o j- o) ® o>tr ®~«- 

l E ^o§i ? 8 c 

J) E®-S , » J 52 o 

»o« T, «®.E 3 oC 

£ =^-d~Igso 

e g § < 0 - 0-0 g. .?«- 

| i E c o>sp Q) g w g 
®o_oos S — o 

5.c E tt««r°2c 

® <5 u-~Z c S 

J) k. >* o ; § £ 

SS?*5' t| -o* 

2 ^* 0 o^o**- 

<fl ^ h S ’2 ° 

XI £ • L. ® Is m *2 ft ® 
cOMAsOOr^ 1 * 
“ “ O J - 3 C Q_0) 

®<o© H “Epo , 2uj« 

zsi^fir 5 

i i|i| e " tf o 

c q. ° -^ < a> o cr « o 

5o2d®^22>£ 


£ >* 9 


« i s * 

® an 0 oi q u So 
X(BCrW°nSc 
ho(o5dwu.®ri 


82 



Experiment Control & 
Data System Block Diaaram 
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Initiate ? Switching ! Siglnal 



TDMX 2072. SPACECRAFT STRAIN AND ACOUSTIC SENSORS 
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structurally integrated as well. 
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SPACE STATION STRUCTURAL PERFORMANCE EXPERIMENT 
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EQUIPMENT/RESOURCE REQUIREMENTS SUMMARY 
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stored for subsequent interrogation by the Space Station data management system. 
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EXPERIMENT BLOCK DIAGRAM 
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and attitude from the on-board guidance, navigation, and control system for 
the abnormal event log. 
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TPMX 2132. ADVANCED RADIATOR CONCEPTS 
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Test radiator systems will be Installed and tested over their design 
temperature ranges for specific life periods. The testing-evaluation 
will be conducted in a combined space station environment which 
can't be duplicated on earth. 
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LIQUID DROPLET RADIATOR SCHFMATir 
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POTENTIAL LIQUID DROPLET RADIATOR LOCATION 
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TDMX 2132 EQUIPMENT LIST 
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Working Fluid (silicone oil) 



TDMX 2132 INSTRUMENTATION LIST 


<0 

c c 2 

3w g} 5 

cr £ -6 

is'sl 

g 0> _ 
0)1 -o ? 

Q. *- ■— 

>» © = C 

*- Q. > O 

w > 

© 5 sr 
£ E "o 

•Jr O Si o 

° <3 £o 
© =5 » - 

g 2 c S 

.§ ~ .2 .2> 

CO © .ts © 

0) Q. .2 **- 

- o 3 O 
« -o cr*- 
*= ® o c 

C-O « 3 

- 3 fl 2 
c cr * E 

© = -S © 

© © c © 

© jc 5 ^ 

> +-» O 

°> Jr c3 © 

© — c n 
o)_ t 
© ? © •= 

Q. £ o .£ 

■- « c 

O) 3 o C 

= o-co - 
5 2,5 

*•“ c £ © 

© o ^ JO 

£ 5f S 

c C > O 
o © Q. 

E © 

7: v. • 

s 2 .-2 © T3 
€|«|2 
a- §■ 

L O T m 

K O O 5 u 


108 


TDMX 2132 Instrumentati 
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Speed Meters 6 Peak Sampling Rate 1/sec 


T DMX 2153 ADVANCED SOLAR DYNAMIC POWER 
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TDMX 2153, 



Concentrator 





ADVANCED SOLAR DYNAMIC 
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Ducting or piping 

Data acquisition and transmission 




Advanced Solar Dynamic 
Power System Schematic (20kw 





POTENTIAL ASDPS LOCATION 
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Potential ASDPS Location 






TDMX 2153 EQUIPMENT LIST 
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TDMX 2153 Equipment List 
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Pointing System, Controls, Pip[ing, Data, etc 


TPMX 2153 INSTRUMENTATION LIST 
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Peak Sampling Rate 1/SEC 
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necessary hardware. Phase II experimentation will be performed for a 
period of one year. Phase III will demonstrate active refrigeration 
technology. A pallet containing an active refrigeration system will be 
delivered to the Space Station and attached to the test article. The 
refrigeration system will be tested for a period of at least one year. 







PHASE I EXPERIMENT CONIGURATION 
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Phase I Experiment Confiauration 




PHASE II EXPERIMENT CONFIGURATION 
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hydride compressor to provide pressurant for fluid transfer operations. The 
pressurant is stored in a 3.4 MPa (500 psia) spherical aluminum pressure 
vessel. 








PQGffi 


/T' r p -\ ' r- - v 

( f 


125 




■C > 


m © 

2 -o 


0) g 

> Q. 


I «- O 

■ a> 

; Q.T 3 
I o © 

> k. to 

: OL O 
k_ O 
!£ © 

£ - 
o © 

TB* 

(0 * 

Z.E 

H © 
fc- 

3 


5) - .2> CO 

1 r: *»■ hi 
£ .= a, 

m 10 3 J= • 
© Q) SO © 


ca o 

_ © 

© •£ 
= O 


© -C 
Si .tS 


£) © 
■“ to 

© © 
S “■ 

"D © 
>*JC 
£ 

*- £ 

©| 

2 o 

®j= 

5.o 

-.C 

I s 

€f 

© -Q 
§>© 

o> © 

.E o 


© (A 
.C © 
*- <0 

eg 

O o 

"O to 

© ■- 


to 

3 ■D 

= © 

»§ 

< o 


! 5 -* 

;fi* 

: * o © 

! _• O 

iS^O 

! o H g 

12-d’l 

» © E 

■ *= Si © 

. TO V. 1_ 

L $ O 

5 © "o 
; -a jd © 

| CO J3 

i © © 

2”° *o 

i Ql •— 

.MB " ^ 

3 c x> 
© t: >• 
© ^ -c 

£ r 

~ .= a> 
■O « 5 
CO o 
ca e — 

**- © -o 

‘“■DC 

C © © 
© -O . 

( 1 ) 

5 © 2 

~ 2 © 
<D >b. ” 

■Q TJ 3 
2 -C 3 

2 o 

75 © o 
> £ <0 

J* k_ © 

O © £ 
© ~ ♦- 

o © C 
_ © 
© o © 

•*- c*2 

_X a> 

O) 

c *- 

wo© 

3 = 2 

mom 

o Si > , 


•r "O c x 

© ^ © © © T3 

3 ** U a : 


^ W QJ W 4^ ^ 

+- j£* ? JQ 0) a) O T3 

c ©*- ©2-© o| 

5.og|£§>8* 

r s >^© 

©«£^»- >0 4; 

■c o o © ^ q.^, 

•-£•-©©“ H | 

g o ^ 5 ♦■* £ 

S^x 2|255 
= © g-o 

2« 1= « I 8t> 

•ii®«oo“| 

3T30Q)^mmO 

E>>"^ 0 :ra 

3- c .tr“-»-© , ~© 

O u r <0 *S r\ T3 


W MMI 

©5 g- 


o © o>.E ^ *■* 2 
ro 9-.E fl> © .E t-. 


CL c 3J c _ © 

cl' ( ft 2 "o ” 

= S s r.= 2 -g 

2 o £ q. £ ©-o 

o’ - /*.. 


Si- ■* c q. w © 
£ t3.E3»-c-S 

w • ia r k. ^ 

0-0 CO .2 

a> ® or 25 1 ,. > 


126 


the heating and cooling cycles are reversed. This process continues until 
the accumulator is charged to 3.4 MPa (500 psia). Thus, the passive metal 
hydride compressor system is controlled merely by alternately heating and 
cooling the hydride beds. 
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FLUID TRANSFER SYSTEM SCHFMATir 
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of direction fluid transfer. 



Fluid Transfer Svstem Schematic 
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units with minimal changes. 



Phase III Experiment Configuration 
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included in the Phase III module. 
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TDMX 2561 SATELLITE SERVICING AND REFURBISHING 
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page figure identifies these operations and shows a satellite being 
serviced at the Space Station. 
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OPERATION S s SETUP/TEARDOWN/STOW 

CONTINGENCY C&W = CONTROL AND WARNING 
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INSTRUMENTATION LIST FOR TDMX 2561 & 2562 
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TDMX 2562 SATELLITE MAINTENANCE AND REPAIR 
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marginal MMS modules, 4) replace gyro package, 5) evaluate/replace 
solar panels, 6) power-up satellite, 7) checkout of satellite systems, and 
8) perform any additional maintenance. The satellite will then be recon- 
nected to the OMV and delivered to its original or a new operational orbit. 
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INSTRUMENTS (ACCESS) 







TDMX 2572 CRYOGENIC PROPELLANT 
TRANSFER/STORAGE/RELIQUIFICATION 
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component remove and replace operations utilizing EVA: Verify EVA 
remove and replace equipment concept and equipment compatibility. 
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perform EVA remove and replace tasks, translate crew to command center, 
post-EVA operations, demate payload from OTV, mate payload to holding 
fixture, rotate OTV and deactivate facility. 
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SUMMARY 


A study to define the common support and Space Station 
interface requirements for the Code R endorsed IOC model 
technology experiments was conducted. The IOC model 
technology experiments were updated by each principal 
investigator which included a definition of the experiment instru- 
mentation and data requirements as well as a list of the experi- 
ment support requirements. After the identification of the 
support equipment/hardware requirements for each experiment 
was completed, a set of common support equipment/hardware 
was defined. In addition, a preliminary definition of the pres- 
surized laboratory interface requirements was developed. Based 
on the results of this study, a dedicated technology experiment 
command and control work station consisting of a command 
keyboard, cathode ray tube, data storage, television monitor, 
computer/word processor and an alert/annunciation panel 
located in a pressurized laboratory will be requited to accommo- 
date the technology experiments. 
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